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R283Conservation Ecology: Area
Trumps Mobility in Fragment
Bird Extinctions
Tropical forest understory birds are highly sensitive to habitat
fragmentation. Recent results from a monumental Amazonian
fragmentation experiment show that habitat needs of these specialized
birds make mobility a liability, leading to their extinctions from forest
fragments.Cagan H. Sekercioglu
Tropical forests are disappearing
at a rapid rate while the remnants
face an increasing number of
threats [1]. Although a growing
number of studies [2–6] have
addressed the effects of forest
fragmentation on tropical bird
communities, most have had to
draw inferences from species
distribution patterns, rather than
examine colonization and
extinction dynamics directly [5,6].
Two recent mark-recapture studies
[7,8] are welcome exceptions.
Contrary to expectations [4,6],
these new studies [7,8] show that,
not only can tropical forest
understory birds (Figure 1)
disperse long distances, but their
need to use large areas may
make mobile species more
susceptible to extinction in
fragments.
The groundbreaking new
findings [7,8] are based on nearly50,000 bird captures from the
Biological Dynamics of Forest
Fragments Project (BDFFP) in the
Brazilian Amazon. With
11 fragments (1–100 hectares)
and 12 intact lowland forest
sites (1–600 hectares) in a
41 kilometer-wide area sampled
over two decades, the extent of this
experiment is unequalled in the
tropics [3,8]. Tom Lovejoy beganthis experiment in 1979 by
convincing loggers to set aside
fragments of 1, 10 and 100 hectares
[2,9]. Unlike most fragmentation
studies, pre-fragmentation
sampling enabled natural
abundance estimates to be
made of all species. Fragment size
and distance from intact forest
were precisely controlled.
The BDFFP has produced many
critical insights into avian
responses to fragmentation
[2,3,9,10]. For example, Ferraz et al.
[9] showed that fragments less than
100 hectares lose half their
forest-dependent bird species in
under 15 years, too fast for forest
regeneration to help, and that even
isolated 10,000 hectare fragments
could lose half their species in
a century. Combined with
another study [11], Ferraz et al.
[9] concluded that even aFigure 1. Ochre-breasted
Antpitta (Grallaricula flavir-
ostris), a typical tropical
forest understory insecti-
vore.
(Photo by Cagan H.
Sekercioglu.)
Current Biology Vol 17 No 8
R28430
25
20
15
10
5
0
Pe
rc
e
n
t e
xt
in
ct
io
n-
pr
on
e
All species
(9916)
Type of long-distance movement
Migrant
(1788)
Altitudinal
(831)
Irregular
(873)
Dispersal
(657)
Sedentary
(6591)
Figure 2. Extinction risk as
a function of long-distance
movement.
Bird species with regular
long-distance movements
are less extinction-prone
(threatened, near threat-
ened or extinct) than
sedentary birds or those
that only undertake long-
distance post-fledging dis-
persal (C.H.S. unpublished
data). The number of spe-
cies known to undertake
that type of movement is
in parentheses.1000-fold increase in area would
reduce the rate of species loss only
10-fold.
Given these findings, many
conservation ecologists have been
eagerly anticipating the BDFFP
mark-recapture analyses. Fourteen
years of mist netting in forest
understory resulted in 8799
recaptures — far more than the
captures of most fragmentation
studies — leading to the detection
of rare but critical long-distance
(>5 kilometer) dispersal [8]. This
figure, especially surprising for
understory birds, will trigger
much research and conservation
interest in long-distance
movements and in the quality of
the habitat that surrounds forest
fragments [3,12,13].
Tropical forest understory birds
have provided many insights into
island biogeography, where the
‘islands’ are forest fragments
surrounded by a ‘sea’ of unsuitable
habitat. Populations are often
unsustainable in fragments, as
these birds seemingly disperse
little, avoid edges, gaps and open
habitats, and rarely use the
deforested matrix surrounding the
fragments [2–4]. Van Houtan et al.
[8] quantified forest understory bird
dispersal kernels for the first time,
that is, they calculated the
functions that describe what
fraction of dispersing birds reach
progressively further distances
from their point of origin. Many
species had surprisingly
heavy-tailed dispersal
distributions, meaning quite a few
banded birds were recaptured as
far as 30 kilometers away,
although most were re-caught
close to home.In general, sedentary birds are
more extinction-prone than are
moremobile species (Figure 2) [14].
Mobility enables species to persist
in fragments, so long as forest
birds can use the surrounding
matrix [3–5]. But specialization is
even stronger an correlate of
extinction risk (Figure 3) [14].
Many tropical forest birds’
specialized habits of traveling in
mixed-species’ flocks or following
army ants [10] require such species
to forage over wide areas, so even
100 hectare fragments may not be
large enough for sustainable
populations [15]. These birds are
more likely to face dangers — such
as predation, starvation or heat
shock—when they venture into the
unsuitable matrix [10]. Army ant
followers are particularly
vulnerable because army ants
often disappear from fragments
smaller than 50 hectares [16].
The most extinction-prone forest
birds in BDFFP were those that
suffered from relative immobility
post-fragmentation [8]. Ironically,
these were the species that were
more mobile pre-fragmentation.
Their mobility after the three-fold
decline was still higher than the
pre-fragmentation movement rates
of persistent species, whose
post-fragmentation mobility did
not decline. These sedentary birds
were ‘pre-adapted’ to the
confinement of fragments.
Ferraz et al. [7] complemented
these dispersal kernels [8] with
mark-recapture models based on
the same dataset. Covering an
impressive 55 species, the models
show that understory birds’ area
needs override isolation effects in
determining extinctions. Theauthors used patch-occupancy
models that calculated the
probability that patches will be
occupied or not from birds’
chances of becoming extinct in
a patch (higher for smaller patches)
and their chance of re-colonizing
(higher in patches near other
patches). These models explicitly
deal with detection probabilities,
hence factoring in elusive species,
typical of tropical forests, that may
be present but avoid detection.
Interestingly, isolation,
measured in terms of distance from
extensive forest combined with
intervening matrix quality, affects
species with high or low dispersal
ability equally. This is partly
because many highly dispersive
species are specialized
ant-followers or mixed-flock
attendants, confirming the findings
of Van Houtan et al. [8]. Although
birds in small fragments have
consistently higher chances of
extinction than in larger ones,
isolation effects are more varied.
For some species, persistence
even increases with more isolation.
This can happen if in less-isolated
fragments birds leave for extensive
forest nearby, but facing larger
gaps, more birds stay and breed.
By teasing apart the effects of
isolation versus fragment area on
equilibrium patch occupancy,
Ferraz et al. [7] have shown that, for
some tropical forest birds, isolation
makes little difference to their
presence or absence.
Unfortunately, this suggests that
even with corridors of natural
vegetation some species will
disappear from small fragments.
Furthermore, these birds can
disperse more than 5 kilometers
but the farthest fragment to
continuous forest distance in the
study was only 900 meters. In less
forested landscapes the effects of
isolation will likely be greater.
These studies emphasize the
importance of specialization in
shaping tropical birds’ responses
to habitat modification. It is not
mobility per se but changes in
mobility in response to
fragmentation that determine
persistence. Birds such as
ant-followers and mixed flock
members have specializations that
require them tomove extensively in
intact forests. They are no longer
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Figure 3. Extinction risk as
a function of specialization.
More specialization in-
creases the extinction risk
of the world’s bird species
(r2 = 0.851). Specialization
index is the product of hab-
itats used and food types
consumed. Higher numbers
indicate less specialization.
(Reproduced with permis-
sion from [14]; copyright
(2004) National Academy
of Sciences, USA.)able to do so in small fragments
and so they disappear. Less
specialized sedentary species can
increase their movements and
persist— but even these birds tend
to move to bigger fragments [8].
The interaction of isolation,
fragment size, and understory
birds’ ecologies shape their
responses to fragmentation. In
agreement with global patterns
[14], specialization stands out as
a crucial extinction correlate
(Figure 3). In the BDFFP, the higher
mobility of tropical forest birds is
a consequence of dietary and
behavioral specializations [10],
which, in combination with forest
specialization, make mobility
a liability in small fragments.
An important conservation
implication of these findings is the
importance of the matrix
surrounding forest remnants
[2–4,12,13]. In addition to providing
habitat to many ‘forest’ species
[3,12], the countryside matrix plays
an important role in the dispersal of
even forest-obligate birds.
The new studies [7,8] tease out
the confounding effects of area
versus isolation and provide
rigorous, experimental analyses of
the processes underlying species
distribution patterns that are too
often the only focus of
fragmentation studies. We must
keep in mind, however, that these
birds, caught with 2 meter-high
mist nets, are mostly understory
insectivores. Although good
indicators of a healthy tropical
forest, understory insectivores’
high habitat and dietary
specializations mean that these
results do not necessarily apply toall tropical forest birds. Frugivores,
granivores, nectarivores, and
omnivores usually tolerate
fragmentation better and are more
capable of using the deforested
countryside [4,12].
Our knowledge of tropical bird
dispersal is very limited, but these
dispersal patterns clearly affect
extinction-colonization dynamics
greatly. This is particularly so
given the importance of rare
long-distance dispersal events
[10]. Even with the unequalled
BDFFP sampling, however, the true
frequency of these events cannot
be known. Nothing can replace
actualmovement data andwe need
more tropical studies that track the
exact movements of individual
birds for weeks, months or even
years [13,15,17].
Consequently, it is exciting that
a recent BDFFP radio tracking
study has confirmed the large area
requirements of understory
insectivorous birds, with only one
of 13 species havingmore than one
(1.05) pair per 10 hectares [15]. In
contrast, a Costa Rican forest
terrestrial insectivore, Catharus
aurantiirostris, that also thrives in
fragments and coffee plantations
averages a home range of
1.7 hectares [13]. Nevertheless,
even these birds can move
>1.2 kilometers in <2 hours across
coffee plantations and pastures
[13]. At Las Cruces, Costa Rica
(8470 N, 82570 W) 1.5% of their
movements were >500 meters and
0.5% were >1 kilometer (C.H.S.,
unpublished data). Radio tracking
movements of BDFFP birds could
produce even more interesting
findings.The ecological consequences of
avian extinctions in fragments are
another research frontier.
Increasing awareness of avian
ecological function [18,19] has
underlined the importance of
insectivorous birds in controlling
invertebrate populations, including
in the tropical forest understory
[20]. Most tropical forest birds that
disappear from fragments are
expert insectivores, but there has
been no research on how their
decline affects invertebrate
populations. Now that Ferraz, Van
Houtan and colleagues [7–10] have
solidified our understanding of how
forest fragments lose their birds, it
is time for equally innovative
studies of the ecological
consequences of their loss.
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The programmed death of particula
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used as a general mechanism to elim
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‘‘An oil lamp may be extinguished
owing to any of the following four
causes — the exhaustion of the
wick, the exhaustion of oil,
simultaneous exhaustion of both
wick and oil, or some extraneous
cause like the gust of a wind. So
may death be due to any of the
forgoing four causes.’’
Buddha, on the doctrine of
Dependent Origination
The development and
maintenance of tissues in animals
depends not only on the ability
of cells to reproduce, but also on
their capacity for self-destruction
when they become superfluous,
damaged, or otherwise harmful [1].
In 1871, Virchow coined the term
‘necrosis’ as a general description
for cell death. The widespread
occurrence and biological
relevance of an active cell death
program was recognized a century
later by Kerr, Wyllie, and Currie [2],
who proposed a morphology-
based classification of cell death
into two categories: ‘necrosis’,
which is restricted to rapid, violent
and passive cell death caused by
environmental perturbation; and
‘apoptosis’ or active programmed
cell death, which occurs in natural
and certain pathological situations.
A molecular hallmark of the latter
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r cells in Caenorhabditis elegans
occur by non-apoptotic programs
Such alternative programs may be
inate differentiated, functional cells.
of a cascade of proteases called
caspases which cleave a variety of
cellular targets, leading to cell
death with distinctive
morphological characteristics
[2,3]. While apoptosis is the most
common form of programmed
death, it has become apparent that
alternative programs can lead to
other forms of cell death. Evidence
has been accumulating that the
apoptosis–necrosis dichotomy is
insufficient to encompass the
observed spectrum of
morphological end-points [4].
Adding to the complexity is the
unanticipated finding that, while
inhibition of caspase activation can
block apoptosis, it does not
necessarily protect against cell
death [5]. Rather caspase inhibition
can reveal, or enhance, alternative
caspase-independent cell death
processes.
Recent findings by Abraham
et al. [6] on themale linker cell in the
nematode Caenorhabditis elegans
and byMazzalupo et al. [7] on nurse
cells in the fruitfly Drosophila
show that some types of natural,
developmental death in these
ecdysozoans occur by
non-apoptotic programs. The
C. elegans linker cell is born during
an early larval stage and is
essential for development of the
male gonad. The Drosophila nurse
cells are germ-line-derived cells
that support oocyte development.Volume 11, J. del Hoyo, A. Elliott, and
D.A. Christie, eds. (Barcelona: Lynx
Edicions), pp. 15–51.
20. Gradwohl, J., and Greenberg, R. (1982).
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DOI: 10.1016/j.cub.2007.02.019The two papers provide strong
evidence that caspases, and likely
apoptosis, do not play a role in the
natural developmental programs
for linker and nurse cell deaths.
Indeed, Abraham et al. [6] show
that the dying linker cell displays
a non-apoptotic morphology that
is unexpectedly reminiscent of
a previously described rare type
of developmental cell death.
Since the original classification
by Kerr et al. [2], three major
morphologically distinct types of
programmed cell deaths have been
described [8] (Figure 1A). Type 1 is
apoptotic cell death, characterized
by cell shrinkage and extensive
chromatin condensation.
Formation of autophagic vacuoles
inside the dying cell is typical of
autophagic or type 2 cell death.
Type 3 death is characterized
by cellular swelling, often
accompanied by ‘‘dilation of ER,
nuclear envelope, Golgi and
sometimes mitochondria, forming
‘empty’ spaces’’ [8].
An important criticism of the
concept of alternative type 2 and 3
cell death programs is that they
primarily seem to provide backup
suicide mechanisms when the
canonical apoptotic machinery is
lacking or inhibited [4,9]. Are such
‘non-canonical’ cell death
mechanisms relevant during
normal development? The
existence of non-apoptotic cell
death in C. elegans [6] and
Drosophila [7] as parts of natural
developmental programs
provides a definitive link
between in vivo and in vitro data
supporting the biological
significance of alternative cell
death programs.
